Introduction
============

Non-Hodgkin lymphoma (NHL) as one of the most common cancers accounts for 4-5% of all cancers [@B1]. Diffuse large B-cell lymphoma (DLBCL) is the top pathological type occupying 30-60% of NHL [@B2]. The cause of this disease is strongly correlated with the host immunity and infection status. All currently found tumor viruses can be related to the tumorigenesis and progression of NHL. For example, the Epstein-Barr virus, which has been shown to be associated with various cancers, including Burkitt\'s lymphoma, can infect B lymphocytes via the CD21 receptor on B-cell surface [@B3]. Furthermore, the positive rate of hepatitis C virus antibody in B-cell NHL patients was significantly higher than that in healthy controls, suggesting a relationship between hepatitis C virus and B-cell NHL [@B4]. Therefore, we speculated that hepatitis B virus (HBV) may also be associated with NHL.

HBV infection is a worldwide health problem with an estimated 257 million carriers of hepatitis B surface antigen (HBsAg) (WHO, 2017). HBV prevalence is highest in the endemic area of WHO Western Pacific Region, and the percentage of carriers of HBsAg is estimated to be 7.2% in China [@B5]. Although there are few clinical trials to show a higher prevalence of HBsAg in DLBCL patients [@B6], there have been no large analyses of HBV that report the relationship to DLBCL severity, staging, or prognosis. At present, the effect of the HBV positivity rate of serum on the prognosis of DLBCL remains unknown [@B7], [@B8].

In patients with DLBCL that are positive for hepatitis B core antibody (HBcAb) and who are being treated with CD20-targeted antibodies, the ability of B-cells to secrete HBV-specific antibodies is impaired, which potentially activates replication of previously infected HBV and particularly increases the risk of serum HBsAg conversion [@B9], [@B10]. However, a significantly higher proportion of HBV infection in patients before DLBCL treatment indicates that HBV infection in DLBCL patients is not correlated with the use of targeted chemotherapy drugs. In addition, human peripheral blood mononuclear cells (PBMCs) may habor HBV [@B11], suggesting that HBV infects antigen presenting lymphocytes [@B12], which indicates that lymphoma progression may be caused by the virus infection.

In order to test the hypothesis that HBV infection is correlated with DLBCL, interpretationally in part from HBV directly infecting B lymphocytes, a clinical analysis of the correlation between DLBCL and HBV infection was carried out, and whether HBV infects B lymphocytes *in vitro* was also determined. This project will shed light on the etiology of the novel interpretation to DLBCL by HBV infection, and facilitate the basis for new strategies to the treatment and prevention of this disease.

Materials and methods
=====================

Serum samples
-------------

Sera from NHL patients in the Shanghai Cancer Center from 2009 to 2017 January were included in this study. HBsAg, hepatitis B surface antibody (HBsAb), HBcAb, hepatitis B e antigen (HBeAg), and hepatitis B e antibody (HBeAb) in serum were tested by commercial electro-chemiluminescence assays (Abbott i2000, Abbott Laboratories, USA). HBV DNA was analyzed by quantitative polymerase chain reaction (PCR) using a commercial probe (Shanghai Kehua Bio-engineering, China) as per the manufacturer\'s instructions.

Cell culture
------------

Pfeiffer cells, originally from the American Type Culture Collection, were cultured in RPMI 1640 (Gibco, USA) containing 10% FBS and 1% penicillin/streptomycin maintained at 37°C in a humidified 5% CO~2~ incubator. Cells were passaged every three days. PBMCs were separated from the uncoagulated blood by a density gradient centrifugation method using Ficoll Histopaque in a 15 mL centrifuge tube that was centrifuged for 20 min at 750×*g* in a swinging bucket without braking. The PBMCs in the interphase were aspirated and washed twice with sterile PBS by centrifugation at 300×*g* for 10 min. The pellet was resuspended by complete medium and cultured like the Pfeiffer cells.

HBV infection in vitro
----------------------

Cells were infected with HBV at a multiplicity of infection (MOI) of 10. To synchronize the stage of infection, the plates were centrifuged at 300×*g* for 10 min and then co-incubated in a humidified 5% CO~2~ incubator for 24 h. Subsequently, the cells were washed extensively with pre-cooled phosphate-buffered solution to stop phagocytosis and extracellular HBV was removed by centrifugation at 300×*g* for 10 min three times.

To detect the HBV infection, a confocal method was used in which 2×10^5^ cells per well were incubated on 0.1% polylysine-treated slides in a 24-well plate. After 1% paraformaldehyde fixation and 0.5% Triton X-100 permeabilization, cells were stained with a mouse anti-HBx primary antibody and TRITC-conjugated anti-mouse IgG was used as the secondary antibody. Cells were nuclear stained with DAPI and were detected by confocal microscopy (Leica SP5).

HBV DNA detection in infected cells
-----------------------------------

HBV-infected cells were lysed for 10 min at 100°C in lysis buffer supplemented with proteinase K (200 μg/mL), followed by centrifugal column extraction (Da\'an, Zhong Shan University, China). DNA from DLBCL tissue was extracted by supporting magnetic kit (The EmerTher Company, China). It was detected by PCR using a protocol as previously described with modifications [@B13].

In particular, primer pairs for detection of full length transcripts (3.5kb-2270F: GAGTGTGGATTCGCACTCC and 3.5kb-2392R: GAGGCGAGGGAGTTCTTCT) and total transcripts (t-1805F: TCACCAGCACCATGCAAC and t-1896R: AAGCCACCCAAGGCACAG), were validated and used for PCR, which was performed with the Ex Taq kit (Takara Bio) on a BioRad T100 instrument. Amplification of the 123 bp 3.5kb-DNA and 92 bp total-DNA products was conducted by routine denaturation, annealing (60°C) and elongation. The products were separated by electrophoresis and sequenced for verification.

Immunohistochemistry
--------------------

Primary antibodies against hepatitis B core (HBc), surface (HBs), and x (HBx) antigens, respectively, were used for immunohistochemistry (IHC), following the standard protocol recommended [@B14]. Antigen expression was categorized by determining the immunoreactive score (IRS) as described previously [@B15]. Each spot was assigned an intensity score from 0 to 3, and the proportion of tumor staining for that intensity was recorded in terms of 25% increments in the range 0-100 (P0, P1-4), while less than 5% was recorded as zero. A final IRS (range 0-12) was obtained by adding the products of scores obtained for each intensity multiplied by the proportion of the area stained.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS version 20.0 (IBM Corporation, USA), and figures were generated using GraphPad Prism software version 5.0. The data are expressed as the means ± standard deviation. The mean values obtained from the experiments were compared using one-way ANOVA analysis with post-hoc test. A *P*-value of less than 0.05 was considered significant.

Results
=======

HBV infection is clinically related to the development of DLBCL
---------------------------------------------------------------

In this study, 1092 NHL patients were included in the statistical analysis. DLBCL was the dominant lymphoma responsible for 68.0% (508/747) of B-cell NHL and 46.5% (508/1092) of NHL. In total, there were 190 HBsAg-positive serum samples. The rate of HBsAg-positive serum was highest in DLBCL patients (23.6%, Table [1](#T1){ref-type="table"}). In 97% (116/120) of the HBsAg-positive serum samples, serological markers against HBV of HBcAb were also detected. However, 222 of the 388 HBsAg-negative staff members also had HBcAb. The significantly higher rate (66.5%, 338/508), of HBcAb [@B16] in DLBCL patients suggests a basis of HBV infection in this kind of lymphoma and an association between HBV and DLBCL.

The HBsAg prevalence in NHL was compared with the prevalence (7.2%) [@B5], [@B16] in the Chinese population by χ^2^ tests. The rate of HBsAg-positive serum was only significantly increased in B-cell NHL, especially in DLBCL (Table [1](#T1){ref-type="table"}). There was no definite difference in the rate of HBsAg positivity in other types of lymphoma, indicating that B-cell NHL in particular, DLBCL may be related to HBV infection.

By analyzing the retrospective data of DLBCL, it was found that there were differences in the positivity rate of HBsAg at different stages of DLBCL (Table [2](#T2){ref-type="table"}). In addition, there was a positive correlation between serum HBsAg positivity rate and DLBCL stage with a higher positivity rate in DLBCL patients with advanced stage III and IV disease (*P*=0.041).

HBV can directly infect lymphocytes *in vitro*
----------------------------------------------

Pfeiffer cells and PBMCs from a cohort of cases were chosen for infection experiments *in vitro*. The criterion for defining "capable infection" is the successful detection of HBV antigen and nucleic acid in lymphocytes. After HBV infection of these cells for 24 h, intracellular HBV antigen was able to be detected by confocal microscopy of HBx protein staining in infected lymphocytes (Fig. [1](#F1){ref-type="fig"}). When nucleic acid was extracted from cells and amplified by PCR, intracellular HBV nucleic acid was also found (Fig. [1](#F1){ref-type="fig"}). This experiment indicates that HBV can infect B lymphocytes *in vitro*, intimating the possibility of HBV induced development of lymphoma genesis via directly infection.

HBV-infected cancer cells is found *in situ*
--------------------------------------------

The results of immunohistochemistry illustrated that HBV antigen, especially HBx protein, was strongly expressed in DLBCL patients with serum HBsAg positivity (Fig. [2](#F2){ref-type="fig"}). There were fifteen tissue specimens from DLBCL patients with ten serum HBsAg positivity and five negativity. The HBx antigen could be detected in all HBsAg-positive samples, and was strongly increased compared to that in HBsAg-negative ones according to IRS (*P*\<0.001). This finding of HBV infection in DLBCL tissue *in situ* shows that HBV was able to infect B lymphocytes thus indicating an association between HBV and lymphoma formation.

HBV DNA was also found in three of ten tissue samples from HBsAg-positive DLBCL patients suggesting the possibility of long-term HBV retention or integration (Fig. [2](#F2){ref-type="fig"}D).

HBV infection status influences the therapeutic efficacy in DLBCL patients
--------------------------------------------------------------------------

Since HBV could successfully infect lymphocytes, we next explored the clinical significance of this infection. Of the DLBCL patients in this study, 92.9% (472/508) underwent standard chemotherapy based on the first-line regimen of CHOP (cyclophosphamide, hydroxydaunorubicin, oncovin, and prednisone). Of these patients, 81.8% (386/472) were also treated with rituximab within the standard chemotherapy, but there was no difference between the HBsAg groups (76.1% (86/113) HBsAg positive vs. 83.6% (300/359) HBsAg negative, *P*\>0.05). Based on these similar chemotherapy regimens, ordinal logistic regression exhibited a significant difference in therapeutic effect on individual factors of DLBCL stage or HBsAg status (Table [3](#T3){ref-type="table"}). HBsAg-positive DLBCL patients had a worse therapeutic outcome of at least one grade than HBsAg-negative patients with an odds ratio (OR) of 3.04 (95% confidence interval, 2.00-4.62). As the effect of staging grade on the prognosis of DLBCL was removed, the sensitivity to chemotherapy of HBsAg-positive patients was significantly lower in each stage, especially in patients with early-stage DLBCL (Table [3](#T3){ref-type="table"}). Therefore, HBV positivity is an independent factor that is not conducive to DLBCL chemotherapy. This retrospective study suggests our important role of HBV in DLBCL, which requires close clinical monitoring and active intervention.

Discussion
==========

In this research, we performed a retrospective study to analyze the clinical characteristics of DLBCL patients with HBV infection. Almost all HBV related lymphomas are of B-cell origin, comprising a heterogeneous group including an aggressive clinical course with a poor therapeutic effect of traditionally tolerated chemotherapy in DLBCL (Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}). Our clinical studies support a correlation between HBV infection and DLBCL progression, indicating that HBV may play a key role in the development of B-cell NHL. Dalia *et al* also demonstrated that there was an increased odds ratio of 2.24 for developing DLBCL in high HBV prevalence countries [@B17]. These clinical findings highlight the further study on latent biological mechanisms responsible for lymphomagenesis and progression in patients with HBV infection.

DLBCL is HBV-defining conditions including HBx strongly expression and HBV DNA stable intracellular existence (Fig. [2](#F2){ref-type="fig"}). These findings in HBsAg-positive DLBCL patients were consistent with the significant increase of HBx in hepatocellular carcinoma (HCC) induced by stable HBV integration [@B18], [@B19]. The integrated *HBx* controls the level of HBV replication and plays a critical role in HCC [@B20], [@B21]. It interacts with CREBBP, BCL2, and other molecules, causing changes in cell cycle, apoptosis, DNA damage repair, and other phenotypes with a significant difference compared to non-HBV induced liver cancer [@B22]-[@B24]. In the pathogenesis of DLBCL, about 32% of the DLBCL patients also have CREBBP inactivation and in 35% of DLBCL-GCB subtypes exist BCL2 ectopic expression [@B25], [@B26]. The pathogenesis of DLBCL appears consistent with the HCC pathogenesis by HBx, and so HBV-infected lymphocytes may also lead to the development of lymphoma through the corresponding pathway. However, this hypothesis requires further studies on the function of HBx, in particular on the effect on chemotherapy efficacy, which was different in distinct HBV infection status of DLBCL patients.

Therefore, HBV infection may be one of the risk factors for developing DLBCL. That HBV can infect B lymphocytes highlights the mechanisms involved in their pathogenesis (Fig. [1](#F1){ref-type="fig"}). HBV has been found in PBMC *in vivo* [@B11], and our HBV can infect PBMC *in vitro*, which suggests that HBV infection of B lymphocytes before tumorigenesis. However, the traditional HBV receptor is not expressed on B lymphocytes [@B13]. Appropriate protein and nucleic acid technology may be used to further screen and verify the related receptors for HBV infection [@B27].

In summary, HBV can infect B lymphocytes and may be related to the development of DLBCL. However, there is still disputed in the clinical need for DLBCL susceptible population to use anti-HBV preventive treatment. Discovery of the phagocytic pathway and HBx function inducing DLBCL development remains our further study for persuasive treatment strategies.
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![HBV can infect lymphocytes*in vitro*. (A-C) PBMCs and (D-F) the DLBCL Pfeiffer cell line were infected by HBV (A, D) and a matched negative control (B, E) with MOI = 10. After infection for 24 h, the cells were collected and washed by centrifugation. (A, B, D, E) Following fixation and permeation, HBV anti-human HBx monoclonal antibody and a TRITC labeled secondary antibody was used to detect HBV by confocal microscopy and cells were stained with DAPI. (C, F) Cellular DNA was extracted and total HBV DNA was detected by PCR (fragment of 92bp). Lane 1, HBV-positive control; Lane 2, HBV-negative control; Lanes 3 and 4, cells infected for 24 h by HBV-positive (lane 3) or -negative (lane 4) serum. These data were expressed from at least three individual experiments.](jcav09p1575g001){#F1}

![HBV was detected in DLBCL*in situ*. Anti-HBc, -HBs, and -HBx antibodies were used to detect the HBV antigen in several lymphoma tissue sections by immunohistochemistry. (A) Lymph node tissue from a DLBCL patient with HBV antigen-negative serum; (B) Patient with HBsAg-positive serum (\> 250 IU/mL) and HBV DNA-positive serum (5.2×10^3^ IU/mL); (C) IRS of immunohistochemistry from five serum HBV antigen-negative and ten HBV antigen-positive patients. The scores are expressed as the mean ± standard deviation and statistics were carried out by one-way ANOVA, \*\*\**P*\<0.001; (D) DNA was extracted from DLBCL paraffin tissue, and HBV DNA was detected by PCR using total-HBV or 3.5kb-HBV DNA primers. DNA in lanes 1 to 3 were extracted from DLBCL tissues of HBV-positive serum and lane 4 was from that of HBV-negative serum.](jcav09p1575g002){#F2}

###### 

Prevalence of serum HBsAg of lymphoma patients.

  Lymphoma type (Number of patients)   HBsAg prevalence % (*n*)   *P* value
  ------------------------------------ -------------------------- -------------
  All B-NHLs (*n*=747)                 21.6 (161)                 **\<0.001**
  DLBCL (*n*=508)                      23.6 (120)                 **\<0.001**
  FL (*n*=107)                         22.4 (24)                  **\<0.001**
  Other B-NHLs (*n*=132)               12.9 (17)                  **0.012**
  All T-NHLs (*n*=338)                 8.6 (29)                   0.328
  NK/T (*n*=234)                       8.1 (19)                   0.587
  PTCL (*n*=72)                        9.7 (7)                    0.408
  Other T-NHLs (*n*=32)                9.4 (3)                    0.500^a^
  Unclassified NHL (*n*=7)             0 (0)                      1.000^a^

HBsAg prevalence of respective lymphoma type was compared with the prevalence (7.2%, 5888/81775) of Chinese population by *χ*^2^ tests.

^a^ *P* values were given by Fisher\'s exact test for expected count less than 5.

FL: follicular lymphoma, T-NHL: T-cell non-Hodgkin lymphoma, PTCL: peripheral T-cell lymphoma, NK/T: NK/T cell lymphoma.

###### 

The positive rate of serum HBsAg in various DLBCL stage.

  DLBCL Stage (Number of patients)   Positive rate of HBsAg % (n)   *P* value
  ---------------------------------- ------------------------------ -----------
  Early Stage, I+II (*n*=289)        18.7 (54)                      **0.003**
  Advanced Stage, III+IV (*n*=219)   30.1 (66)                      
                                                                    
  Stage I (*n*=117)                  21.4 (25)                      **0.041**
  Stage II (*n*=172)                 16.9 (29)                      
  Stage III (*n*=98)                 33.7 (33)                      
  Stage IV (*n*=121)                 27.3 (33)                      

The difference of serum HBsAg positivity between early and advanced DLBCL stage was compared by *χ*^2^ test. Tendency difference among serum HBsAg and DLBCL stage was additionally compared by linear trend *χ*^2^ test.

###### 

Effect of serum HBsAg on the therapeutic efficacy in various DLBCL stage.

  -------------------------------------------------------------------------------------------------
  Factors        Therapeutic Efficacy   *P* value   OR (95% CI)                                 
  -------------- ---------------------- ----------- ------------- ---- ---- ------------------- ---
  HBsAg Status                                                                                  

                 Negative (*n*=359)     220         96            17   26   **\<0.001**         1

                 Positive (*n*=113)     31          57            12   13   3.04 (2.00\~4.62)   

  DLBCL Stage    HBsAg\                                                                         
                 Status                                                                         

  I              Negative (*n*=88)      73          14            0    1    **0.003**           1

                 Positive (*n*=25)      13          12            0    0    4.28 (1.64\~11.1)   

  II             Negative (*n*=135)     88          39            4    4    **0.007**           1

                 Positive (*n*=29)      10          17            0    2    2.97 (1.36\~6.53)   

  III            Negative (*n*=55)      24          22            5    4    **0.011**           1

                 Positive (*n*=30)      5           15            6    4    3.05 (1.29\~7.19)   

  IV             Negative (*n*=81)      35          21            8    17   **0.028**           1

                 Positive (*n*=29)      3           13            6    7    2.39 (1.10\~5.22)   
  -------------------------------------------------------------------------------------------------

Ordinal logistic regression was introduced to access the factors in therapeutic efficacy of DLBCL. Effect of serum HBsAg positivity on the evaluation of therapeutic efficacy was also compared in separated DLBCL stage. All patients undergone CHOP regimen were evaluated in statistics.

Therapeutic efficacy was divided into 4 grade, such as CR (complete remission), PR (partial remission), SD (stable disease), and PD (progression disease).

OR: odds ratio, CI: confidence interval.
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